A Gram-stain-positive, rod-shaped, non-motile, non-spore-forming, aerobic bacterial strain, designated BUT-2 T , was isolated from activated sludge of one herbicide-manufacturing wastewater-treatment facility in Kunshan, Jiangsu province, China, and subjected to polyphasic taxonomic studies. Analysis of the 16S rRNA gene sequence indicated that strain BUT-2 T shared the highest similarity with Chryseomicrobium amylolyticum (98.98 %), followed by Chryseomicrobium imtechense (98.88 %), with less than 96 % similarlity to members of the genera Paenisporosarcina, Planococcus, Sporosarcina and Planomicrobium. Phylogenetic analysis based on the 16S rRNA gene sequence showed that strain BUT-2 T clustered with C.
IP: 54.70.40.11
On: Sun, 20 Jan 2019 23:02:47 physiological and biochemical characteristics of strain BUT-2 T were investigated using routine cultivation on TSA at 30 u C. Colony morphology was examined using strains grown on TSA at 30 u C for 48h. Cell morphology was examined using transmission electron microscopy (H-7650; Hitachi). The Gram reaction was determined by staining cells grown on TSA at 30 u C for 24 h according to the method described by Gerhardt et al. (1994) . To observe spore formation, cells in the late-stationary phase were observed by light microscopy. The motility of cells was tested by the hanging drop method (Bernardet et al., 2002) . Growth was tested at different temperatures (4, 10, 16, 20, 25, 28, 30, 35, 37, 40 and 42 u C) on trypticase soy broth (TSB; BD Difco TM) for 3 days. Growth was determined at pH 3.0-11.0 (increments of 0.5 pH units) using TSB medium containing 100 mM acetate buffer, 100 mM phosphate buffer and 100 mM NaHCO 3 /Na 2 CO 3 buffer at pH 3.0-5.0, 6.0-8.0 and 9.0-11.0, respectively. After autoclaving, the pH was rechecked and recorded as the final pH of the growth medium. Growth at various NaCl concentrations [0-8.0 % (w/v) using increments of 0.5 %] was investigated in TSB prepared according to the formula for TSB medium except that no NaCl was used. Oxidase and catalase activities were determined using oxidase discs (HiMedia) and 3 % (v/v) H 2 O 2 , according to methods described by Smibert & Krieg (1994) . Hydrolysis of casein, gelatin, starch and egg yolk was tested on skimmed-milk agar, gelatin agar, starch agar and egg yolk agar, respectively. Biochemical tests such as the methyl red test and Voges-Proskauer reaction, H 2 S and indole production, citrate utilization and nitrate reduction were performed according to standard methods (Cowan & Steel, 1965) . Acid production from various carbohydrates was tested as described by Claus & Berkeley (1986) . Utilization of organic compounds as carbon sources was tested with the medium described previously, but containing the specific organic compound (Lakshmi et al., 2011) . Susceptibility to antibiotics was tested using antibiotic discs (Zhang et al., 2008) .
For analysis of respiratory quinones, polar lipids and peptidoglycan, freeze-dried cells were prepared following the growth of strain BUT-2 T in TSB at 30 u C until the midexponential phase was reached. Quinones were extracted from freeze-dried cells (200 mg) with methyl chloride/ methanol (2 : 1, v/v) and analysed by reversed-phase HPLC (Minnikin et al., 1984; Yamada et al., 2011) . Polar lipids were extracted following the methods of Bligh & Dyer (1959) and analysed by two-dimensional TLC. Total polar lipid profiles were detected by spraying with molybdophosphoric acid and further characterized by spraying with ninhydrin (for amino groups), molybdenum blue (for phosphates), Dragendorff's solution (specific for quaternary nitrogen) and a-naphthol (specific for sugars) (Dittmer & Lester, 1964; Komagata & Suzuki, 1987) . The peptidoglycan structure was determined by using hydrolysates of purified cell walls, according to previously published methods (McKerrow et al., 2000; Tang et al., 2009a, b; Schumann, 2011) . For analysis of cellular fatty acids, strain BUT-2 T and the relevant reference strains were grown in TSB at 30 u C until they reached the mid-exponential phase; fatty acid methyl esters were extracted and analysed using the Microbial Identification System (MIDI), as described by previous methods (Sasser, 1990; Pandey et al., 2002) . The G+C content of genomic DNA was determined according to the thermal denaturation method of Marmur & Doty (1962) .
The nearly complete 16S rRNA gene sequence of strain BUT-2 T was obtained by PCR amplification using a set of universal primers, namely 27F (59-AGAGTTTGATCC-TGGCTCAG-39) and 1492R (59-TACCTTGTTACGACT-T-39), and then sequenced by an automatic sequencer (Applied Biosystem, model 3730). Pairwise sequence similarity was calculated by using a global alignment algorithm, implemented at the EzTaxon server (http:// eztaxon-e.ezbiocloud.net/ezt_identify; Kim et al., 2012) . To examine the phylogenetic position of strain BUT-2 T , phylogenetic analysis was performed by using the software package MEGA5.0 (Tamura et al., 2011) after multiple alignments of the sequence data with CLUSTAL W (Larkin et al., 2007) . Distances were calculated by using distance options according to Kimura's two-parameter model (Kimura, 1980) . Phylogenetic trees were constructed using the neighbour-joining (Saitou & Nei, 1987) and maximum-likelihood methods (Felsenstein, 1981) . Confidence values for the branches of the phylogenetic trees were determined by using bootstrap analysis (based on 1000 resamplings) (Felsenstein, 1985) .
Generally, DNA-DNA hybridization (DDH) is necessary to clarify the taxonomic relationship of strains when they share more than 97 % 16S rRNA gene sequence similarity (Tindall et al., 2010) . Thus the taxonomic relationship among strain BUT-2 T , C. amylolyticum JC16 T and C. imtechense MW10 T was examined using DDH. Hybridization was performed according to the instructions of the DIG High Prime DNA Labelling and Detection Starter kit I, using digoxin-labelled DNA probes and nitrocellulose (Ezaki et al., 1989) . Hybridization was repeated three times; means of the resulting values were determined, and the reciprocal experiments were performed.
Morphological, cultural, physiological and biochemical characteristics of strain BUT-2 T are given in the species description (below) or presented in Table 1 . The almostcomplete 16S rRNA gene sequence of strain BUT-2 T determined in this study comprised 1475 nts. Comparative 16S rRNA gene sequence analysis revealed that strain BUT-2 T shared the highest similarity with C. amylolyticum JC16 T (98.98 %), followed by C. imtechense MW10 T (98.88 %), and less than 96 % identity to members of the related genera Paenisporosarcina, Planococcus, Sporosarcina and Planomicrobium. In the neighbour-joining tree ( Fig. 1 ) and the maximum-likelihood tree ( Fig. S1 ; available in the online Supplementary Material), strain BUT-2 T clustered with C. amylolyticum JC16 T and C. imtechense MW10 T , occupying a distinct phylogenetic position.
Strain BUT-2 T had MK-7 (77.8 %), MK-6 (11.9 %) and MK-8 (10.3 %) as respiratory quinones, which was consistent with C. amylolyticum JC16 T and C. imtechense MW10 T in terms of their quinone profiles. However, there were differences in the proportions of each quinone. Fatty acid iso-C 15 : 0 was observed to be the major (.10 %) component, whereas C 16 : 0 , iso-C 14 : 0 , anteiso-C 15 : 0 , iso-C 17 : 0 , anteiso-C 17 : 0 , anteiso-C 17 : 1 , iso-C 17 : 1 v10c, C 16 : 1 v11c, C 16 : 1 v7c alcohol and summed feature 4 (iso-C 17 : 1 I and/or anteiso-C 17 : 1 B) were present in minor (,10 % and .1 %) quantities in strain BUT-2 T (Table 2) ; all similar to fatty acid profiles of the established species within the genus Chryseomicrobium. However, there were some differences among strain BUT-2 T , C. amylolyticum JC16 T and C. imtechense MW10 T , in terms of their content of the major fatty acids, i.e. iso-C 15 : 0 , anteiso-C 15 : 0 and iso-C 16 : 0 . The polar lipid profile of strain BUT-2 T contained diphosphatidylglycerol (DPG), phosphatidylglycerol (PG), phosphatidylethanolamine (PE) and five unidentified phospholipids (PL1-5) (Fig. S2) . DPG, PG, PE and PL were also present in members of the genus Chryseomicrobium ( The cell-wall peptidoglycan of strain BUT-2 T contained the amino acids ornithine, alanine and glutamic acid in an approximate molar ratio of 0.85 : 1.65 : 2.50, respectively (Fig. S3) . Dinitrophenylation showed that glutamic acid represented the N-terminus of the interpeptide bridge. The occurrence of the peptides L-Orn-D-Ala, D-Ala-D-Glu and L-Ala-D-Glu in the partial hydrolysate of the peptidoglycan was observed. Taking these data into consideration, it was concluded that the peptidoglycan of strain BUT-2 T was of the type L-Orn-D-Glu, which corresponded to the type of cell-wall peptidoglycan within the genus Chryseomicrobium. The G+C content of genomic DNA was 48.5 mol%; lower than that of C. amylolyticum JC16 T and C. imtechense The hybridization value was below the 70 % that is recommended for the delineation of a species (Wayne et al., 1987) . Based on the above DNA-DNA relatedness data, strain BUT-2 T warrants classification as a separate species within the genus Chryseomicrobium.
Therefore, the phylogenetic distinctiveness, the DNA-DNA relatedness data and the differential phenotypic properties are sufficient to show that strain BUT-2 T is distinct from recognized species of the genus Chryseomicrobium. On the basis of the data presented, strain BUT-2 T represents a novel species within the genus Chryseomicrobium, for which the name Chryseomicrobium aureum sp. nov. is proposed.
Description of Chryseomicrobium aureum sp. nov.
Chryseomicrobium aureum (au're.um. L. neut. adj. aureum, gold).
Cultures grown on TSA plates are yellow, raised, circular, smooth with entire margins, approximately 1.9 mm in diameter after 5 days at 30 u C. Cells are rod-shaped, 0.5-0.8 mm61.5-2.0 mm (Fig. 2) . Gram-stain-positive, aerobic, non-motile, without flagella, non-spore-forming and alkaliphilic (growth occurs at pH 7.0-10.0; optimum pH 7.0-8.0). Growth occurs at 20-35 u C, 0-7.0 % (w/v) NaCl, with optima at 30 u C and 2.5-4.0 % (w/v) NaCl. Catalase reaction, oxidase test, methyl red reaction, VogesProskauer test, H 2 S production, indole production, nitrate reduction and citrate utilization is negative, whereas urease activity is positive. Does utilize acetate, malate, glutamate, butyrate, valerate, crotonate and pyruvate but not glycerol and citrate. Gelatin is hydrolysed, while starch, casein and egg yolk are not. Acid is produced from salicin, inulin and mannose, but not from glucose, fructose, maltose, sucrose, melibiose, cellobiose and trehalose. Cells are sensitive to The type strain BUT-2 T (5CCTCC AB2013082 T 5KACC 17219 T ) was isolated from activated sludge of a herbicidemanufacturing wastewater-treatment facility in Kunshan, Jiangsu province, PR China. The DNA G+C content is 48.5 mol%. Summed feature 4 represents iso-C 17 : 1 I and/or anteiso-C 17 : 1 B, which could not be separated by GLC with the MIDI system. S.-K. Deng and others
